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ABSTRACT 
Vibrio cholerae and Vibrio parahaemolyticus are pathogens which cause gastroenteritis 
and other diseases to human. Wild birds and rodents in our environment play some role in 
transmitting these pathogenic bacteria to human. Hence, a study was carried out to 
determine the prevalence of V cholerae and V parahaemolyticus in wild birds and rodents 
from disturbed and pristine area. The birds and rodents from disturbed (Ta-ann Naman 
plantation in Sibu) and pristine habitat (Mt. Mulu) was captured and cloacal swab from 
each animal were collected. Isolation and identification was done on Thiosulphate Citrate 
Bile Salt agar and some biochemical test will be done do determine the bacteria species. 
Multiplex PCR was carried out to screen for the virulence genes of V cholerae which are 
tcp, ctx, zot and ace. As for V parahaemolyticus, the virulence gene are tdh and trh. The 
outcome is that the most of the samples collected from disturbed habitat were found to 
contain Vibrio spp. as compare to the samples collected from pristine habitat. Besides, not 
all the isolates of Vibrio cholerae and Vibrio parahaemolyticus contain virulence gene. 
Keywords: Vibrio cholerae, Vibrio parahaemolyticus, Multiplex PCR, pristine and 
disturbed habitat, birds and rodents 
ABSTRAK 
Vibrio cholerae and Vibrio parahaemolyticus merupakan pathogen yang menyebabkan 
jangkitan gastroentiritis atau penyakit-penyakit lain kepada manusia. Haiwan seperti 
burung dan mamalia kecil memainkan peranan sebagai pembawa kepada bacteria-bakteria 
terse but. Oleh sebab itu, kajian telah dibuat untuk menentukan kewujudan V cholerae and 
V parahaemolyticus dalam burung dan mamalia kecil dar; habitat yang terganggu (Ta-Ann 
Naman Plantation) dan habitat yang tidak terganggu (Mt. Mulu). Identifikasi dan 
pengasingan Vibrio spp. adalah dibuat dengan menggunakan agar TCBS dan beberapa 
ujian biokimia. Gen virulen V cholerae dan V parahaemolyticus telah dikesan melalui 
kaedah Multiplex PCR. Terdapat 55% sampel daripada habitat yang terganggu 
mengandungi V cholerae dan V parahaemolyticus. manakala hanya terdapat 10.5% 
sampel dari habitat yang tidak terganggu yang mengandungi Vibrio parahaemolyticus. 
Selain itu, bukan semua isolasi V cholerae dan V parahaemolyticus mengandungi gen 
toxic 
Kata Kunci: Vibrio cholerae, Vibrio parahaemolyticus, Multiplex PCR, habitat yang 




Vibrio is a genus of Gram negative bacteria possessing a curved rod shape (Thompson et 
ai., 2004). They are facultative anaerobes which are normally found in saltwater and test 
positive for oxidase and catalase. All members of the genus are motile and have polar 
flagella with sheath when grown in liquid medium. They ferment glucose without 
producing gas (Baumann et al., 1984). 
Three species, V cholerae, V parahaemolyticus, and V vulnificus, are weH­
documented human pathogens (McPherson e/ aI., 1991; McLaughlin, 1995). Numerous sea 
living animals, such as crabs or prawns are vectors of Vibrio. Most disease causing strains 
in Vibrio are associated with gastroenteritis but can also infect open wounds and cause 
septicemia. It may cause fatal infectious in humans during exposure. 
According to Ellner (1984), V cholerae and V parahaemolyticus are pathogenic as 
they are the two main bacteria which cause diarrhea infection and food poisoning. They are 
generally transmitted via contaminated water. But not all the V cholerae and V 
parahaemolyticus are pathogenic as only the strain which carry the virulence genes can 
threaten human's health. 
V cholerae is a native inhabitant of all aquatic environments which is an etiologic 
agent of cholera (Kumar et al., 1981). Cholera is an acute, diarrheal illness when V. 
cholera infects the intestine (Centers for Disease Control & Prevention, 2007). The 
infection is often mild or without symptoms, but sometimes it can be severe. According to 
CDC (2007), approximately one in twenty infected persons has severe disease 
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characterized by abundant watery diarrhea, vomiting and leg cramps. The patients may 
face rapid loss of body fluids which lead to dehydration and shock. Without treatment, 
death can occur within hours. 
Similar to V cholerae, V parahaemolyficus will cause watery diarrhea often with 
abdominal cramping, nausea, vomiting, fever and chills when it is being ingested. These 
symptoms usually occur within 24 hours of ingestion. Illness is usually self limited and 
lasts for 3 days. Severe disease is rare and occurs more commonly in persons with 
weakened immune systems. V parahaemolyficus can also cause an infection of the skin 
when an open wound is exposed to warm seawater. 
Zoonoses are diseases that are transmitted between human and animals. There are 
over 500 different pathogens which are transmitted from the animals to human (Corey, 
1990). Birds and rodents are examples of the vectors which spread over 35 diseases 
worldwide (CD~, 2006). Rodent-borne diseases are spread directly to humans through bite 
wounds, consumption of food and water that is contaminated with rodent feces and urine. 
In Japan, Watanabe ef al., (2002) carried out a research from April 1999 to May 2000 
where fresh feces from 343 migratory aquatic birds representing 16 species, including 
snipes, plovers, and terns, were collected in Chiba and Ibaragi Prefectures. Vibrio spp. was 
isolated from 103 (30.0%) of the 343 samples. Among these positive samples, 15.7% and 
8.5% of the isolates were V cholerae and V parahaemolyficus respectively. 
MUltiplex PCR is a molecular technique which can detect more than one template 
in the mixture by addition of more than one set of oligonucleotide primers. The virulence 
of a pathogen is dependent on a discrete set of genetic detenninants and their well 




known to play an important role in maintaining virulence in V cholerae, and these genes 
are believed to be exclusively associated with clinical strains of Oland 0139 serogroups. 
The study also examined that there are other virulence genes, which are toxR and toxT, 
which involved in the regulation of virulence, in environmental strains of V cholerae 
cultured from three different freshwater lakes and ponds in the eastern part of Calcutta, 
India. 
There are a few genes which determine the virulence of V parahaemolyticus. The 
presence of thermostable direct hemolysin (TDH) is a proven virulence factor which can 
cause gastroenteritis (Nishibuchi et al., 1992). Another virulence factor, the TDH-related 
hemolysin (TRH), encoded by the gene trh, and has been discovered in clinical strains of 
V. parahaemolyticus lacking tdh (Honda et al., 1987; Honda et al., 1988). Hence, to detect 
multiple target genes in a short period of time, multiplex PCR is the best molecular 
technique to detect the virulence genes of V cholerae and V parahaemolyticus. 
3 
1.2 Research Problems 
This research is proposed to investigate the prevalence of V cholerae and V 
parahaemolyticus in wild birds and rodents being transmitted to human. Nowadays, 
zoonoses have become common in our envirorunent which accelerate the research on 
zoonotic diseases. The most famous example of zoonoses is Avian Influenza (Bird Flu) 
which is transmitted by wild birds to human. There are many reports have proven the role 
of V cholerae and V parahaemolyticus in causing gastroenteritis in human. Since wild 
birds have the ability and freedom to fly, they can easily transmit the pathogenic bacteria to 
human. Besides wild birds, rodents also playa role in transmitting diseases. Residents 
from rural areas tend to believe that some of the rodents may cure sickness by consuming 
the rodents. Hence, birds and rodents may easily transmit V cholerae and V 
parahaemolyticus to human. 
1.3 Objective 
1. 	To determine the prevalence of Vibrio cholerae and Vibrio parahaemolyticus in wild 
birds and rodents from disturbed and pristine ecological habitats. 
2. To screen and compare the virulence genes of V cholerae and Vparahaemolyticus from 
pristine and disturbed habitat. 







2.0 Literature Review 
2.1 Zoonotic Diseases 
The World Health Organization defines Zoonoses as "those diseases and infections which 
are naturally transmitted between vertebrate animals and man". More than 1 00 zoonoses 
are recognized (CDC, 2006). Most cases are transmitted from animals that have close 
contact with humans, such as pets, fann animals or rats. 
2.1.1 Wild Birds and Rodents as Major Sources of Disease 
Wild birds play the role as a vector for diseases, polluters and pests. They excrete a variety 
of human gastrointestinal pathogens in their droppings, including the bacteria 
Campylobacter, Listeria, Salmonella, Aeromonas, Vibrio cholerae, Yersinia and 
Escherichia coli 0157, the protozoa Giardia and Cryptosporidium, as well as the bacterial 
indicators of pollution, faecal colifonns and enterococci (Microbiology Today, 2005). 
According to University of Florida, there are some avian diseases that can be transmitted to 
humans but most of the diseases do not pose a serious threat. Since the birds have the 
freedom to fly, this has made them difficult to be controlled. 
Besides birds, rodents are also famous for transmitting diseases to human. Worldwide, rats 
and mice spread over 35-diseases (Centers for Disease Control & Prevention, 2006). 
Rodent-borne diseases are spread directly to human through bite wounds, consuming food 
or water that is contaminated with rodent feces, coming in contact with surface water 
contaminated with rodent urine, or through breathing in genns that may be present in 
rodent urine or droppings that have been stirred into the air (aerosolization). A few 
example of Rodent-borne disease cause by bacteria are Leptospirosis, Plague, Rat-Bite 
fever, Salmonellosis and Tularemia (Centers for Disease Control & Prevention, 2006). 
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Individual susceptibility and the seriousness of these various microbia] infections varies 
with age, health status, immune status (immunodeficient or immunosuppressed), and 
whether early therapeutic intervention is sought. The ability of a microorganism to cause 
disease depends on the virulence of the organism, the dose to which the person is exposed, 
as well as route of infection. 
2.2 Vibrio spp. 
Vibrio is classified in the family Vibrionaceae under the kingdom Eubacteria along with 
the genus Aeromonas, Photobacterium, Lucibacteria and Plesiomonas (Lai, 2006). Vibrios 
can be distinguished from enteric by their oxidase-positive property and the motility by 
means of a polar flagellum (Beltran et af. , 1999; Boyd & Waldor 1999; Byun et al., 1999). 
Vibrio is a genus of Gram-negative bacteria possessing a curved rod shape. Vibrio which 
are facultative anaerobes that test positive for oxidase do not form spores and typically can 
be found in salt water. Members of Vibrio currently include V cholerae, V 
parahaemolyticus, V anguillarum, Vjischeri, V vulnificus, V vulnificus, V alginolyticus 
and V costicola. According to Zanetti et af. (2001), Vibrio spp. includes avirulent strains 
and virulent strains capable of causing epidemic of cholera and human intestinal diseases. 
Most Vibrios are zoonotic; they cause diseases in fish and shellfish and are common causes 
of mortality among domestic marine life. 
6 

2.3 Vibrio cholerae 
Vibrio cholerae is the causative agent of cholera. This pathogen belongs to a group of 
organisms whose natural habitats are the aquatic ecosystems. It is a member of the family 
Vibrinaceae, is facultatively anaerobic which is capable of respiratory and fermentative 
metabolism. Growth of Vibrio cholerae can be stimulated by addition of I% of sodium 
chloride (Nact). However, an important distinction from other Vibrio spp. is the ability of 
V. cholerae to grow in nutrient broth without added NaCI (Nair, 1996). 
2.3.1 Pathogenicity 
According to the World Health Organization, cholera is a tragedy as theoretically it is a 
most preventable disease but still causing an estimated of more than five million cases each 
year (Tauxe et al., 1994; Radu et al., 2002). 
Infection due to V. cholerae begins with the ingestion of contaminated water or food. After 
going through the acid barrier of the stomach, the organism colonizes the epithelium of the 
small intestine by means of the toxin coregulated pili (TCP) (Taylor et al., 1987). Cholera 
enterotoxin which was first suggested by Robert Koch in 1884, produced by the adherent 
Vibrios is secreted across the bacterial outer membrane into the extracellular environment 
and disrupts ion transport by intestinal epithelial cells. This will follow by loss of water and 
electrolytes which subsequently cause diarrhea. 
The pathogenic mechanism of Vibrio Cholerae 01 is normally attributed to three 
enterotoxins, which are the strong heat labile cholera toxin (Ctx), zonula occludens toxin 
(Zot) and the accessory cholera toxin (Ace) that play an important role in determining the 
pathogenic levels of isolates (Radu et al., 2002; Fasano et al., 1991; Baudry et al.,1992; 
Trucksis et aI., 1993). However, the cholera toxin phage (CTX<l», a lysogenic filamentous 
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phage, was discovered to encode the toxin genes (ctx, ace, and zOI) that was able to 
integrate into the V cholerae's chromosome verifies the toxigenicity transmission among 
V cholerae strains. According to Waldor and Mekalanos (1996), transmission of the 
CTX<l> requires the recipient bacteria express the TCP, which is essential for colonization 
and also encodes a transcriptional regulator that activates both tcp and the ctx genes during 
infection. 
2.4 Vibrio parahaemolyticus 
Vibrio parahaemolyticus is a Gram negative enteric bacterium which can be found along 
abundantly along the coastal waters all over the world. This bacterium is usually 
concentrated in the gut of oysters, cockles, and others filter feeding mollusks where they 
attached and mUltiply, making them resistant to depuration and protected from external 
disinfectant (Morris et al., 1999). This human pathogen is said to be versatile as they are 
able to possess multiple cell types appropriate for life under different circumstances. 
2.4.1 Pathogenicity 
In the study carried out by Blake et al. (1980), human infection by this pathogen was 
usually associated with the consumption of seafood, primarily raw or uncooked shellfish. 
The relatively onset of disease (average 12 hours) suggest that an enterotoxin is involved 
(Lake et al., 2003). 
According to Lake et al. (2003), Kanagawa Phenomenon is often used as a virulence 
indicator. The Kanagawa reaction is measured by the ability of strains to produce ~­
haemolysis on special blood agar which is caused by the Kanagawa haemolysin, now 
known as thermostable direct haemolysin (TDH). However, the KP is an indicator only, 
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and has not been confirmed as a virulence factor. Other virulence traits that have been 
identified are production of a thermostable direct haemolysin related toxin (TRH), invasion 
of enterotoxin, and production of urease (CCFH, 2002). TDH and TRH are encoded by tdh 
and trh gene respectively. 
2.5 Epidemiology 
According Panicker et al. (2004), pathogenic strains of V parahaemolyticus and V 
cholerae have been involved in epidemics worldwide. Cholera is endemic or epidemic in 
areas with poor sanitation; it occurs irregularly in developed countries. In coastal regions it 
may exist in shellfish and plankton. Cholera is obtained by the ingestion of water or food 
contaminated with the feces of an infected individual. Previously, the disease swept the 
world in six great pandemics and later receded into its ancestral home in the Indo-Pakistani 
subcontinent. Cholera has been present in the subcontinent of India since ancient times. It 
only gains recognition in 1817 when it spread to other areas of the world (Pollitzer, 1959). 
The first pandemic Cholera spread to china in 1820, to Arabia in 1821, to Japan in 1822 
and eventually to European territories in 1822 and 1823. The Pandemic eventually ended 
after 3-4 years. In 1961, the El Tor biotype V cholerae, not previously implicated in 
widespread epidemics, emerged from the Celebes (now Sulawesi), causing the seventh 
great cholera pandemic (Finkelstein, 1969) and seeded in Southeast Asia and Africa. It has 
also invaded Europe, North America, and Japan, where the outbreaks are somewhat 
restricted because of more advance sanitation. After 1991, the mortality has been less than 
1 perce nt because of the effectiveness of oral rehydration therapy. V. cholera 0139 
emerge in India and Bangladesh in 1992. For a while it appeared that 0139 would replace 




According to NO et al. (2005), isolates of V parahaemolyticus had been differentiated into 
13 0 groups and 71 K types. The first reported outbreak of Vibrio parahaemolyticus in the 
United States occurred in 1982, affecting 10 individuals, followed by the occurrence of a 
relatively larger outbreak in the Pacific Northwest, affecting 209 people and including 1 
death (Centers for Disease Control and Prevention, 1999). A newly emerging serotype of 
V parahaemolyticus, 03 :K6, marked the largest reported food-borne outbreak in the 
United States, affecting 416 individuals (Daniels et al. & DePaola et al., 2000). 
2.6 Multiplex Polymerase Chain Reaction 
Polymerase chain reaction (PCR) which is developed by Mullis and Faloona (1983) is a 
technique widely used in molecular biology. The reaction involved a DNA polymerase 
which amplify a piece of DNA by in vitro enzymatic replication. The DNA template is 
exponentially amplified in this chain reaction. PCR is able to amplify a single or few 
copies of a piece of DNA across several orders of magnitude, generating millions or more 
copies ofthe DNA piece. 
Multiplex PCR is extensively modified to perform a wide array of genetic manipulation. In 
multiplex PCR, it uses multiple, unique primer sets within a single PCR mixture to produce 
amplicons of varying sizes specific to different DNA sequences. This reaction can target 
multiple genes at once where additional information may be gained from single test run. 
But this would require more reagents and more time to perform. From here, a few 
virulence gene of Vibrio spp. can be screened through a single test run. Annealing 
temperatures for each of the primer sets must be optimized to work correctly within a 
single reaction. 
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According to Ramelah et al. (2003), cholera toxin genes in clinical isolates of V cholerae 
were successfully detected by Multiplex PCR which they had innovated. The results 
showed that all the clinical isolates of V cholerae showed the presence of the toxin gene 
(ctxA, ctxB, ace and zot) which indicated the multiplex PCR innovated for the detection of 
V cholerae toxin gene is 100% specific and sensitive to V cholerae. 
11 

3.0 Materials and Methods 
3.1 Samples Collection 
Samples from disturbed area was collected by a team of researcher from Microbiology Lab 
from Universiti Malaysia Sarawak during a field trip to Ta-Ann Naman Plantation, T ANP 
(9_13th June 2008) in Sibu, whereas cloacal swabs from wild birds and rodents from 
pristine habitat were collected from Mountain Mulu, Miri. The cloacal swabs were 
collected from the birds and rodents using sterile cotton buds. They were immediately 
placed into 900J.lI of phosphate buffer saline and stored at 4°C throughout the field trip. 
The samples were brought back to the UNIMAS Microbiology laboratory to be processed. 
Twenty samples of cloacal swabs were chosen from the samples collected from disturbed 
habitat (Ta-Ann Naman Plantation, T ANP) while for the pristine habitat (Mt. Mulu 
National Park), all 19 samples collected were examined. Details of the samples are as 
shown in Table I and Table 2. 
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Table 3.1: Sources of the samples from Ta-Ann Naman Plantation, TANP, Sibu (disturbed habitat). 
Sample code Local name Species 
C0577 (A) Short nosed fruit bat Cynopterus brachyotis 
C0594 (A) Short nosed fruit bat Cynopterus brachyotis 
C0598 (A) Short nosed fruit bat Cynop!erus brachyotis 
002176 (A) Short nosed fruit bat Cynopterus brachyotis 
C02132 (A) Short nosed fruit bat Cynopterus brachyotis 
PL007 (A) Muller's rat Sundamys muelleri 
PL011 (A) Muller's rat Sundamys muelleri 
PL012 (A) Muller's rat Sundamys muelleri 
PL017 (A) Muller's rat Sundamys muelleri 
PL020(A) Muller's rat Sundamys muelleri 
NP002 (C) Pink necked green pigeon Treron vernans 
TA014 (C) Long tailed shrike Lanius schach 
TAOlO (C) Orange- bellied flowerpecker Dicaeum trigonostigma 
00043 (C) Large frog mouth Batiachustomas auritus 
A2154 (C) Yellow vented bulbul Pycnonotus goiaver 
TA015 (C) Tiger shrike Lanius schach 
B2521 (C) Plaintive cuckoo Cocomantive merulinus 
A2158 (C) Chestnut muria (immature) Lonchura malacca 
00111 (C) Pink-necked green pigeon Treron vernan 




. MIN' IP kTable 32. : Samp, es coIIectedfrom Mountam uu atlOna ar 
Sample Code I Local name . Mountain Mulu (No. of camp) 
4Not available ML03 
Not available 4ML04 
, 
I 
Night jar sp. 3ML05 
Chestnut-capped scimitar babbler , 3ML07 
Rufous-tailed jUl'!gle flycatcher 3A2934 
Rufous-tailed flycatcher 3A2936 
, 
3Sno"YY browned flycatcher A2936 
4B. Mountain Whistler BWMOI 
4B. Mountain Whistler BWM 02 
B. Mountain Whistler 4BWM 03 
White-crown forktail 3B07395 
Puff-backed bulbul 3B07396 
Puff-backed bulbul 3B07397 
Chestnut-capped laughing thrush C0949 3 I 
4Flavescent Bulbul FBOI 
N. crassa I 4NCOI 
4N. crassa NC02 
R. albilollis 4RaO I 
Warbler sp. 4Wb02 
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3.3 Preparation of working and stock culture 
Yellow colonies of V cholerae and deep-blue green colonies of V. parahaemolyticus are 
individually subcultured onto new TCBS agar plates to obtain pure culture (Furniss & 
Dnovan, 2008). After obtaining pure cultures from the twenty samples using TCBS agar, 
the suspected V cholerae and V parahemolyticus isolates were inoculated on nutrient agar 
for the preparation of working and stock cultures. The working cultures were used for 
subsequent analysis. 
3.4 Identification of Vibrio cholerae and Vibrio parahaemolyticus 
Suspected V cholerae and V parahaemolyticus were identified through a series of 
morphological and biochemical tests. These standard tests consist of Gram stairiing, salt 
tolerance test and streaking on CHROMagar. 
3.4.1 Gram staining 
V cholerae and V parahaemolyticus are gram negative bacteria. Hence, under light 
microscope, these bacteria species will appear as pink in colour and curved rod shape after 
undergone Gram staining. 
3.4.2 Salt tolerance test 
V. cholerae and V parahaemolyticus can tolerate different range of salt concentration 
respectively. According to FDA, U.S. Food & Drug Administration (2004), V cholerae 
can survive in medium which contain up to 3% of NaCI concentration whereas V 
fJcJrahaemolyticus will only survive in medium which contain 3%-8% sodium chloride. 
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Tryptone broth (TINo, containing no sodium chloride) and tryptone salt broth (TIN6, 
containing 6% of sodium chloride) were prepared for salt tolerance test. The preparation of 
the tryptone salt was by mixing tryptone (Oxoid) powder and with desire amount of 
sodium chloride. The mixture was then boiled to dissolve. The colonies were then picked 
from the working cultures and test in both tryptone broth. The broths containing the 
bacteria were incubated overnight. The turbidity of the broth was observed after the 
incubation. 
3.4.3 CHROMagar 
Colonies from the working culture were streaked on the CHROMagar (Oxoid) and 
incubated for overnight. The colour of the colonies grown on the CHROMagar was 
observed. V cholerae will appear in turquoise on CHROMagar while V parahaemolyticus 
will appear as pink (mauve) in colour. 
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3.5 Molecular analysis 
3.5.1 DNA extraction 
DNA extractions of V cholerae and V parahaemolyticus were being done using boiling 
method based on method by Son et al. (2000). Preparation of DNA template for each 
sample was carried out by extracting 500111 of fresh bacteria suspension into 
microcentrifuge tube and centrifuged for 5 minutes with 1000rpm. The supernatant was 
discarded before resuspending the pellet in 1ml of sterile distilled water, vortex and 
centrifuged for 5 minutes at 10000 rpm. Next the cell was boiled for 10 minutes. After 
boiling, the pellet suspension was cooled at -20°C for 10 minutes. After vortexing lightly, 
the tubes were centrifuged in 15000rpm for 5 minutes before transferred the clear 
supernatant into a new Eppendorf tube. The extracted DNA was stored at -20°C for later 
use. 
3.5.2 Multiplex peR 
Multiplex PCR was performed according to Radu et al. (2002), with some modifications. 
All amplification was performed on a thermocycler (iCycler). The primer pairs used for 
detecting virulence genes of V cholerae and V parahaemolyticus are shown in the Table 
3. 
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